Historically, brain malformations have been classified based on a postmortem examination. The advancement and spread of neuroimaging techniques, particularly magnetic resonance imaging, has made it easier to identify many types of brain malformations, but it has also made classify them more complicated. Moreover, the unveiling of the genes responsible for brain malformations has dramatically changed the classification scheme itself and now most doctors have trouble following it. Although the relationship between genotype and phenotype is complicated, it can be divided into two types, locus heterogeneity and pleiotropy. One of the representative diseases demonstrating locus heterogeneity is holoprosencephaly, which shows an identical disorder of forebrain cleavage caused by 14 genes, such as SHH and ZIC2, involved in a ventrodorsal patterning of the early prosencephalon. The ARX gene shows a typical pleiotropic effect and its mutation causes a wide range of developmental disturbances ranging from severe brain malformations, such as hydranencephaly and lissencephaly, to nonmalformative forms of epileptic encephalopathies, such as Ohtahara syndrome and West syndrome, dyskinetic cerebral palsy, and nonsyndromic mental retardation with a strong genotype phenotype correlation. Accurate diagnosis based on the most recent knowledge is critical for precise prediction as well as genetic counseling.
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F i g . 3 P l e i o t r o p i c m u t a t i o n s i n A R X Interneuronopathies
Mutations of the ARX gene cause malformative or nonmalformative disorders. The malformation group is caused by the loss of function mutation, while the nonmalformation group is caused by the gain of function mutation. Both of these disorders are designated as interneuronopathies in view of the fact that the ARX gene is crucial to the development of GABAergic interneurons of the forebrain. 
